Introduction
Printed aperture in the ground plane of a microstrip line is a versatile radiating element. The main advantages of radiating apertures are wider bandwidth, less interaction via surface waves, better isolation and negligible direct radiation from the feed network [l] . However, a strong backlobe radiation due to the resonant aperture is one disadvantage. In order to avoid this undesirable effect, one possibility is the utilization of a stripline structure to feed the aperture. On the other hand, many materials commonly used as substrates for microstrip antennas exhibit a significant amount of anisotropy, specially the uniaxial one [2] . As a consequence, their electromagnetic parameters can be affected by a non negligible quantity. In particular, it is well-known the influence of the uniaxial anisotropy on the resonant frequency of these antennas [3-51. In this paper, using the full-wave spectral-domain approach and the method of moments, a rectangular slot in the ground plane of a stripline with uniaxial substrates is analyzed. Effects of the anisotropy on the input impedance of the antenna are presented. Results for the characteristic impedance and the propagation constant of the stripline will be discussed during the presentation.
Theory
The structure under consideration consists of a thin conducting strip located at the interface between two anisotropic layers, which are sandwiched by two ground planes. The rectangular slot is printed in the ground plane located on the x-y plane of a rectangular coordinate system, with a protection layer covering it, as illustrated in Fig.1 . In our formulation, each layer is considered as a linear homogeneous dielectric medium with uniaxial anisotropy, i.e., a medium described by the tensor permittivity Zn (the index n = 1, 2 or 3 identifies each anisotropic layer) and by the permeability p = po . The planar interface z = d3 separates the cover layer from the free space region ( z > d3, permittivity E~, and permeability po). The theory used in this work considers the antenna structure as a boundary value problem where the surface electric current density on the conducting strip and the tangential electric field component in the aperture plane (slot) are the virtual sources of the electromagnetic fields. Starting from Maxwell's equations, the wave equations in the anisotropic layers and in the free space region are determined. In our approach, the wave equations are solved in the Fourier domain and the boundary conditions for the 0-7803-6369-8/00/$10.00 02000 IEEEelectromagnetic fields are applied at the interfaces z = 0, z = -dl, z = -dt and z = d3. Expressions for the spectral electromagnetic fields are determined by solving the resulting set of equations. As the calculation is carried out in the Fourier domain, the spectral Green functions can be obtained in compact and closed forms. Finally, to determine the fields in the space domain, the inverse Fourier transform is applied.
Method of Moments
The coupled integral equations can be obtained by enforcing the following boundary conditions: the total tangential magnetic field must be continuous across the rectangular slot and the total tangential electric field must vanish along the stripline surface. These integral equations are solved numerically by the well-known method of moments technique. In this approach, the electric current density on the stripline and the tangential electric field component in the aperture plane are expanded as a set of basis functions. Sinusoids were used to represent incident and reflected traveling waves of the fundamental stripline mode, and triangular subsectional functions were used near the open end. Triangular subsectional functions were also used for the tangential electric field component in the aperture plane. As test functions only triangular subsectional modes (with edge conditions) were used. Solving the resulting linear system, tangential electric field component in the aperture plane, reflection coefficient and current distribution on the stripline can be obtained. After that, calculating the characteristic impedance (Z,) and the propagation constant of the stripline, the antenna input impedance can be determined. Fig. 2 shows the plant view of the rectangular slot. For brevity, only results for the antenna with dimensions shown in Fig. 3 are discussed below. Graphics for the normalized input impedance zin, calculated at y = -(Ip-yb), are presented in Fig. 3 . Increasing the anisotropic ratio ( E , / c r X ) the input impedance is affected by a non negligible quantity, while the resonant frequency decreases. . . Normalized input impedance are plotted in Fig. 4 . Good agreement between our calculation (MMAPP) and that obtained by using the EnsembleTM [6] is observed. Effects of the triangular basis function domain of the current density on the normalized input impedance were also analyzed. In case under consideration, the stability of the solution was obtained when the domain reached 164 mm, as shown in Fig. 5 Finally, a 3-D graphic for the surface electric current density on the stripline is presented in Fig. 6 .
Numerical Results

Fig
. 6 -Surface electric current density on the stripline.
Conclusions
A rigorous theoretical formulation for analyzing a rectangular slot printed in the ground plane of a stripline with uniaxial substrate has been presented. Spectral Green functions in compact and closed forms have been derived. The effect of the anisotropic ratio ( E , ha) on the normalized input impedance of the antenna has been studied. As a result of our calculation it is clear that increasing this anisotropic ratio the antenna input impedance is affected by a non negligible quantity, while the resonant frequency decreases.
